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I. Introduction
Matrix-assistedlaserdesorption/ioniz~tionmeof flightmassspectrometry(MALDI
TOP) is becominga standardtoollin massspectrometryin proteinanalysis.Its
advantagesincludefastspeedof datalacquisition,highsensitivity,tolerancetobuffers
andsimpleinstrumentation1.
1. Matrices
Thematrixis animportantroleonen~rgyabsorptionandanalyteisolationduringthe
MALDI process.The selectionof MALDI matrixis critical:Firstly,a suitable
MALDI matrixmustbesolubleinsolutionwiththeanalytebutchemicallyinertwith
theanalyte.Secondly,theMALDI m~trixshouldhavea strongabsorptioncoefficient
at thewavelengthof thelaser.Res~archasconcentratedon thenear-UVregion,
limitingthechoiceof matricesto aromaticompoundswith electron-withdrawing
groups.Furthermore,potentialmatri~compoundsmustalsohavelow sublimation
rates,sincethe samplemustbe introducedintovacuumfor massspectrometric
analysis.High sublimationrates ould result in significantchangesin the
matrix-to-analyteratioduringanexpefiment,thusaffectingtheresults.
In thesamplepreparationprocedure~theanalyteis typicallydissolvedin aqueous
solution.As thesolventevaporates,atrixcrystalsareformedin severalplacesand
becomeasilyvisiblebythenakedey,.,.
A largevarietyof compoundshasbee~testedinthepastfortheirsuitabilitytoactasa
matrix.Derivativesof benzoicacid,~innamicacid,andrelatedaromaticompounds
wererecognizedearlyasgoodMALI»I matricesforproteins(Beavis& Chait,1989).
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2. Laserwavelength
Thelaserwavelengthisaparticula~lyimportantparameterinMALO!. By farinmost
cases,laserswithwavelengthsinth~near-ultravioletaretodayemployedforMALO!.
N2 lasers(wavelength=337nm)arjdfrequency-tripledN :YAG lasers(wavelength=
355nm)arecommonlyused.PulseIdurationsoftheselasersaretypicallyin therange
of 0.5to-10 ns3.
Table1givesthewavelengthsandthecorrespondingphotonenergiesfortheselaser
sources;typicalpulsewidthsarealsoincluded2.Therearestill otherlasersources
whoseuseremainslimitedto speqializedresearchpurposes,for exampletunable
lasers,suchasdyelasers,opticalpar~metricoscillators,andfreeelectronlasers.
Table 1.Laserwavelengths,pulsewidths,landcorrespondingphotonenergies.
Laser Wavelength
Photon energy
(kcaL'mol)
Nitrogen
Nd:YAGx 3
Nd:YAGx 4
Excimer(XeCI)
Excimer(KrF)
Excimer(ArF)
Er:YAG
CO2
337nm
355nm
266nm
308nm
248nm
193nm
2.94p.m
10.6p.m
85
80
107
93
115
148
97
2.7
Photon energy
(eV)
3.68
3.49
4.66
402
5.00
Pulsewidth
6.42
<:1us- fe\\'m
typo5m
typo5ns
typo25!l\
typo25m
typo151lS
85ns
100m + IlLs tail
0.42
0.12
In ourexperiment,iceisusedasane~typeof matrixcoupledwithvacuumUV,since
mostproteinscanbedissolvedinwat~randicehasastrongabsorptioni therangeof
100-200nm as showedin Figure129.Ice maybe a goodmatrixfor the mass
spectrometryforproteins.Thussamp'e-matrixpreparationbecomesmucheasierand
thereisagoodchancetoseeproteinc~mplexesinmassspectrum.
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Figure2.Absorptionspectrumof 1TorrlH2Ovapor,of ice(samplethickness~0.02/lm)andof
0.2%H2OinAr andKr matrices( amplelthickness--25 pm).Theinsertshowstheabsorptioni
thethresholdregionfor0 100/lmthickA~andKr samples.
Anotherthingweareinterestedin if anunusualsetof peaksobservedby Randy1.
Arnoldin previousworkS,6.Thosepeakswereall evenlyspacedby approximately
129Daatthemassrangeof 1-2kDa~nd3-4kDa.Theexplanationfor thosepeaksis
thatseveralglutamateswouldbeattachedto folic acid.It is generallyagreedthat
attachingpolyglutamateo folic acidincreasesits retentionin cellsandmakesthe
folicacida bettersubstrateandcofactor.However,it is reallyunusualtosee20or30
glutamatesbeingattachedto folic ~cid(thepeaksbetween3 and4kDa).In this
researchwork,wetrytoreproduce ndyArnold'spolyglutamater sultsbyusinga
home-builtlineartime-of-flightmas$spectrometerandit's alsoa practiceto gain
familiaritywiththeinstrument.
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II. Experimental
1. Testoftheequipment
Experimentswere carriedout n a home built pulsed-ionextractionlinear
time-of-flightmassspectrometera~showninFigure3.To improvetheresolutionof
themassspectrometer,6 proteins ixturesolutioncontainingmyoglobin(O.lmM),
hemoglobin(O.lmM), lysozyme(~.1mM),cycchromC (O.lmM), ribonucleaseA
(O.lmM)andcarbonicanhydraseI~(O.lmM)wastestedbyvaryingtheaccelerating
voltageandthedelayextraction.
2. StudyofE. coli.
Cellgrowthandextraction
All culturesusedinthisstudyweregrowninhouseat3TC shakingat200rpm.They
obtainedfromtheIndianaUniversi BiologyDepartment)thathadbeengrownthe
were inoculatedfrom a startercultureof K-12 Escherichiacoli (ATCC 25404,
previousnight.Cultureswereinoculatedwith 15JlL of thisstarterculture.E. coli.
weregrownaerobicallyin a 1000-mr.-Erlenmeyerflaskfilledwith200mL of Luria
Bertani(LB) medium(1% tryptone,Q.5%yeastextract,I% sodiumchloride,PH=8).
Duplicatel-mL aliquotsweresampledfromcultureat2-hintervalsfrom32to 50h
after inoculation.Cells were harvestedby centrifugation(7000gfor 5 min),
resuspendingthepelletswith0.5mlof a50mMpH=8.0Trisbuffercontaining50mM
glucoseand10mM EDTA in orderlto inhibittheirgrowthandkeepthemintact,
centrifugingat 7000gfor 5 minut~sagain,and decantingthe supernatant.The
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resultingpelletwasstoreddryat-~O°Cforatleast12h beforeanalysis.At harvest,
theopticaldensity(OD) at 600 wasmeasuredfor eachculturea Hitachi300
spectrophotometer.
MALDI samplepreparation
Thepelletof frozencellswerethalwedanddilutedwithdistilledwater.In orderto
ensurethatthissuspensionof cellshada consistentconcentrationfor thedifferent
sample,thepelletsweredilutedwit~avolumeproportionaltotheopticaldentsityof
theoriginalcellculture.An optimallconcentrationwasfoundwhendilutingthepellet
with40JlL of waterper 1o.d.(60qnm)of theoriginalculture.MALDI spotswere
madeby mixing1 J1Lof bacterialspspensionwith9 ~Lof a 10mg/mLsolutionof
R-cyano-4-hydroxycinnamicacid(~HCA, AldrichChemical)dissolvedin 2 parts
0.1% trifluoroaceticacid (TFA, btainedfrom Fisher Scientific)and I part
acetonitrile(FisherScientific).A ne microliteranliquotof this solutionwas
depositedontoastainlessteelprobelandallowedtoair-dry.
Spectraacquisition
Massspectrawereacquiredwitha pulsed-ionextractionlineartime-of-flightmass
spectrometerbuilt in lab.MALDI spotswereirradiatedwith 355-nmlightfroma
ectrawererecordedona Lecroymodel9370
frequency-tripledN :YAG laser.Posi1iveionswereacceleratedthrough10kV toward
a dualmicrochannelp atedetector.
digitaloscilloscopeatasamplingratepf500MHz andsignalaveragedfor50shots.
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III ResultsandDiscussion
1. 6proteinsmixture
In ourexperiment,differentconditi~ns(laserenergy,delayextractionandaccelerating
voltage)havebeenvariedto imprbvetheresolutionfrom200to 800.A seriesof
resultsshownin Figure4 is them~sspectrumsof themixtureobtainedatdifferent
acceleratingvoltage.The big broa~peaksat verybeginningof spectra redueto
turningon thedetector.Fromthe\firstspectrum,onlytwo componentsof thesix
proteinscouldbe identified,andthe peaksof proteinswith doublechargesare
difficultto see.FiveproteinscouldIbeidentifiedandsomepeaksof doublecharged
proteincanbeidentifiedin thelast~pectrum.Duetotheimprovementof resolution,
proteinscaneasilybedistinguished!fromthoseadductsof matrixmoleculesto the
proteinmolecule.
2. Studyof E.coli.
In thisresearch,we reproducethe~venlyspacedpeaksat low massrange1-2kDa
showninFigure5-11,butthepeaksaround3-4kDahaven'tbeenobservedtromthese
spectra.
The evenspacedpeaksthatappear~round1500Da correspondto 5-6glutamates
beingattachedto folicacidandcoul~beidentifiedclearlyafter40hof inoculation.
Thesignalintensityis increasingwithlthelengthofgrowingperiod.
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IV Future work
Icewill beusedasmatrixin thestludyof bacteriacoupledwithvacuumUV in the
followingresearchwork.Experim4ntalconditions(laserwavelength,laserenergy,
delayextractionandacceleratingvo\tage)will bevariedtofindthebestparameterfor
ice matrix.The resultswill be compared(sensitivity,resolution)with thoseusing
R-cyano-4-hydroxycinnamicacid(~HCA) as matrixto findwhetherice couldbe
suitableformassspectrometryofprdteins.
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Figure3. ExteriorviewofMALDI time-of-flightmasspectrometer.
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Figure 4. spectrumsof 6 protejnsmixturebyvaryingacceleratingvoltage
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Figure5.MassspectrumofE. colistrain
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Figure6.MassspectrumofE. colistrain
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Figure7.MassspectrumofE. colistrain -]2,sampledat40hafterinoculation.
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Figure8.MassspectrumofE. colistrain -]2,sampledath42hafterinoculation.
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Figure9.MassspectrumofE. colistrain
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Figure10.MassspectrumofE. colistrain
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Figure 11.MassspectrumofE. coli strainjK-12,sampledat50hafterinoculation.
255
5000De
